Introduction: The shoulder is the leading site of musculoskeletal pain. Patient-reported outcomes, such as the Shoulder Pain and Disability Index (SPADI), allow us to assess shoulder pain in a clinical setting. Since the SPADI was developed in English, many cultures have cross-culturally adapted the SPADI for clinical use. The purpose of this review was to assess the translation and cross-cultural adaptation procedures and measurement properties of the adapted SPADI. Methods: A systematic review was performed on cultural adaptations of the SPADI accessible through MEDLINE, CINAHL, EMBASE and/or Google Scholar. Included were prospective cohort studies that used an adapted version of the SPADI. All studies were evaluated according to the guidelines for cross-cultural adaptations and the guidelines for measurement properties. Results: The search retrieved 19 studies that met the inclusion criteria. According to the recommended guidelines for cross-cultural adaptations, 16 studies performed 100% of the steps and 1 study performed 80% of the steps. When evaluating the studies' psychometric properties based on the quality criteria, none of the studies reported all recommended measurement properties. The measurement property of reliability was reported fully by 74% of studies. Internal consistency was fully reported by 74% of studies. None of the studies were able to fully report responsiveness, agreement and/or construct validity. Conclusions: Whilst the majority of studies followed proper translation procedures, testing of the measurement properties were inadequate. Therefore, it is recommended that the current adapted versions of the SPADI undergo further evaluation before use in clinical practice.
Introduction
The shoulder is the leading site of musculoskeletal pain in the current musculoskeletal patient population. 1 Previous studies report that shoulder disorders can have a negative impact on the cost of healthcare and overall quality of life for patients. 2 With a worldwide prevalence rate of 20-33%, 2 shoulder disorders are among the most frequently reported non-traumatic complaints 3, 4 that cause pain and restrict movement, compromising both psychological and social wellbeing. 5 Therefore, it is critical that clinicians and researchers capture patients' perceived levels of impairment, in order to determine the best treatments for these disorders. 6 Patient-reported outcomes (PROs) are critical for understanding shoulder pain in a clinical setting, as they consider the impact of how the disorder has affected daily activities of living from the patient's perspective. 7 One of the most validated PROs for assessing a variety of shoulder disorders is the Shoulder Pain and Disability Index (SPADI). 7, 8 It is a region-specific measure that was developed to evaluate pain and disability associated with shoulder dysfunction. 8 The SPADI contains 13-items (5 measuring pain, 8 measuring disability) which assess the ability of respondents to carry out basic activities of daily living. Each item is scored on a numerical rating scale that ranges from 0 (no pain/no difficulty) to 10 (worst pain imaginable/so difficult it required help). The SPADI provides both a pain subscale (5 items; scale score range 0-50 points, expressed as percentage) and a disability subscale (8 items; scale score range 0-80 points, expressed as percentage). 1, 8 Overall, the scores from both subscales are averaged to calculate a final score. Researchers have shown the SPADI to have strong psychometric properties when used in clinical settings. 1, [9] [10] [11] While there are a variety of shoulder PROs for evaluating a patient's condition over time, most were developed in the English language. 12, 13 Recently, there has been an increase in using PROs in healthcare, which has led researchers to translate current shoulder PROs for use in different cultures. 13 Previous studies of culturally adapted shoulder PROs demonstrate that establishing a culturally equivalent PRO is not only more effective than creating a new PRO but also facilitates future comparisons amongst different cultures. 13 Therefore, accurately translating, cross-culturally adapting and evaluating these PROs for their measurement properties such as reliability, validity and responsiveness allows for these comparisons. [12] [13] [14] Comprehension of the PRO by the respondents is critical; therefore, careful attention to word change and question structure during the adaptation process is important. [12] [13] [14] The cross-cultural adaptation process compares the adapted version against the original version and resolves any potential cultural or health differences that can arise amongst cultures. 1, [12] [13] [14] [15] Furthermore, the translation and cross-cultural adaptation aims to verify if the adapted PRO is equivalent in semantic, idiomatic, experimental and conceptual aspects as the original PRO. 16 After the translation process, it is important to evaluate the psychometric properties of the adapted measure. This assesses whether the adapted measure retains the intended construct and psychometric properties of the original, as discrepancies within cultures and patient populations can influence the results. [12] [13] [14] [15] To help researchers analyze these studies, there are recommended guidelines to properly evaluate culturally adapted PROs. 15 When compared to other shoulder PROs, the SPADI has demonstrated adequate psychometric properties in the English language, [9] [10] [11] leading the SPADI to be used widely and translated into different languages. [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] However, there is a paucity of published systematic reviews on the translation and cross-cultural adaptation procedures and measurement properties of the SPADI. Systematic reviews summarize and synthesize the highest level of evidence. [36] [37] [38] The aim of this systematic review was to assess the translation and cross-cultural adaptation procedures and measurement properties of SPADI, when adapted for different cultures.
Methods
A systematic review was performed on studies that investigated the translation and cross-cultural translation process and psychometric properties of the adapted SPADI in different cultures. The systematic searches were conducted in the following key electronic databases: MEDLINE (Ovid), EMBASE, EBSCO-Host (CINAHL), and Google Scholar, as they are frequently cited in other systemic reviews for cultural adaptations of PROs. 27, 39, 40 Search terms and Boolean operators (AND or OR) used were: Shoulder Pain and Disability Index AND validation OR translation OR cross-cultural adaptation AND different languages (e.g. Dutch, Greek, Spanish). The searches were not limited by language or publication date. The final search was completed in November 2018. The protocol was registered on PROSPERO (No. CRD42018100288).
Inclusion criteria
Studies were deemed eligible for inclusion in this systematic review if they translated and cross-culturally adapted the SPADI, assessed its measurement properties in a specific language and the studies were published as a full manuscript in a peer-reviewed journal. Publications as thesis or dissertations, books or abstracts from conferences were excluded. Furthermore, there were no language restrictions. A flow diagram of the search strategies is presented in Figure 1 . Guidelines of Preferred Reporting Items for Systematic Review and Meta-Analysis Protocols (PRISMA-P) were used to create the flow diagram. 41 
Data extraction and analysis
Data extraction was completed by two authors (RF and GN) to include the demographics of each study, and relevant information on sample size, patient age, proportion of males and females and the reported shoulder-related pathology. Furthermore, data pertaining to the translation and cross-cultural adaptation process were also extracted to examine each design. The translation methodology for each of the included studies were categorized according to the Guidelines for the process of Cross-Cultural Adaptation of Self-report Measures (see online supplementary Table 1 ). 16 These guidelines indicate that an optimal (accurate) adaptation must include five important processes: an initial translation, synthesis of translations, backtranslations, reviews by the expert committee and finally, the pre-test version of the instrument. We also extracted data concerning the measurement properties (construct validity, internal consistency, reproducibility/reliability, agreement, responsiveness, ceiling and floor effects) of each study. These measurement properties were evaluated according to the Quality Criteria for Measurement Properties of Health Status Questionnaires 15 (see online supplementary Table 2 ). As these guidelines evaluate the measurement properties that are applicable for translated PROs compared to novel PROs, 15 content validity and interpretability (applicable to the development of original questionnaires) and criterion validity (used in gold standard comparisons only) were excluded from this review. 5 This methodology has been frequently used in a number of systematic reviews for health-related questionnaires. 12, 13, 39, 40 Initial searches, data extraction and ratings were performed independently by the first (RF) and the second (GN) authors. Checking for accuracy, any disagreements in data extraction and ratings were discussed with the third and most senior author (JM) to reach a consensus.
Results
Initially, our search yielded 214 studies. After removal of the duplicates, 184 articles remained and were screened using their title and abstract, leaving 19 articles selected for full text review. Upon completion of full text review, no studies were excluded, and all 19 studies were deemed eligible. The flow of studies through the selection process is presented in Figure 1 . Table 1 displays the patient demographics in the 19 included studies. [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] The 19 versions represent 16 different languages and cultures: Arabic, 17 Chinese, 18 Danish, 19 Dutch, 20 German, 21 Greek, 22 Indian (Tamil), 23 Indian (Telugu), 24 Italian, 25 Norwegian, 26 Persian, 27 Portuguese (Brazilian), 28, 29 Slovenian, 30 Spanish, 31, 32 Thai, 33 Turkish. 34, 35 Study sample sizes ranged from 44 to 365 patients. All studies included both male and female patients. Patients were treated for various shoulder conditions including a frozen shoulder, impingement syndrome, partial or a full rotator cuff tear, shoulder pain/dysfunction, arthritis, tendinopathy or calcific tendonitis. Table 2 displays the ratings of the translation and crosscultural adaptations according to the Guidelines for the Process of Cross-Cultural Adaptations of Self-Report Measures. From the 19 eligible studies, 16 studies (85% of studies) followed 100% of all the recommended crosscultural adaptation guidelines when performing the initial step of translation, synthesis, back-translation and included an expert committee review. [17] [18] [19] [21] [22] [23] [24] [25] [26] [28] [29] [30] [31] [32] [33] 35 However, 16 studies (84% of studies) followed 100% of the cross-cultural adaptation guidelines for the step of pre-testing. [17] [18] [19] [21] [22] [23] [24] [25] [28] [29] [30] [31] [32] [33] 35 The Dutch 20 study did not report the translation process and was rated as not applicable throughout the table. studies assessed the measurement property of reliability. [17] [18] [19] [20] [21] [22] [23] [24] [26] [27] [28] [29] [30] 32 These 14 studies (74%) followed 100% of the quality criteria for assessing reliability, i.e. utilized test re-test reliability and Cronbach's alpha statistics, respectively. The measurement property of agreement was not sufficiently examined in any of the 19 studies. In addition, 21% of studies 17, 19, 26, 28 followed 50% of the quality criteria when assessing agreement, as they had designs where the minimal important change (MIC) was not clearly established, and there was inadequate information to rate agreement as acceptable. With regard to internal consistency, 74% studies followed 100% of the quality criteria when assessing the property of internal consistency. 18, 20, [22] [23] [24] [25] [26] [27] [28] 30, [32] [33] [34] [35] The measurement property of responsiveness was not examined in 17 studies [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] 29, 30, [32] [33] [34] [35] and was insufficient in 1 study. 28 For the measurement property of construct validity, 79% of studies followed 50% of the quality criteria [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] 30, 32, 35 and three studies provided no information pertaining to construct validity. 17, 29, 34 The measurement properties of ceiling or floor effects were assessed at 100% according to the guidelines by the Arabic, 17 Chinese, 18 Danish, 19 Greek, 22 Indian (Tamil and Telugu), 23, 24 Portuguese (Brazilian) 28 studies, while the Norwegian study 26 followed 50% of the quality criteria for evaluation. Furthermore, nine studies did not provide any information about the floor or ceiling effects. 20, 25, 27, 29, [32] [33] [34] [35] Table 2 . Cross-cultural adaptations of the SPADI into different languages that used the translation-based approach related to the Guidelines for the Process of Cross-Cultural Adaptation of Self-Report Measures.
Study characteristics

Ratings of the cross-cultural adaptations
Ratings of measurement properties
Studies (Country (Language)
Translation Synthesis Back translation Expert committee review Pretesting 33 þ þ þ þ þ Turkey (Turkish) 34 0 0 0 0 0 Turkey (Turkish) 35 þ þ þ þ þ N/A: not applicable -The cross-cultural adaptations was not preformed, only the psychometric tests. Questionnaires used in these studies have been previously translated. þ: Positive rating; 0 ¼ no information available; ?: unclear.
Discussion
This systematic review evaluated the translation and cross-cultural adaptation procedures and measurement properties reported in 15 cross-culturally adapted versions of the SPADI, for a total of 19 studies. [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] The key findings of this review show that regardless of translation and cross-cultural adaptation methods, there is a lack of testing measurement properties in the majority of adapted versions. Therefore, further validation of these adapted measures is required to ensure that they are able to measure the intended construct. PROs are frequently used to capture and understand outcomes within a clinical setting, 7, [42] [43] [44] and the translation and cross-cultural adaptation process ensures that the translated version has equivalence with the original version. The confidence in this process depends on the full reporting of all relevant details of the process. Researchers may need to modify items to fit the context of the culture; however, it must be done carefully to ensure that content validity is retained. 12, 13, 39 As recommended by the cross-cultural adaptation guidelines, the back-translation step can identify if content validity is retained. By including at least one translator of the origin language, we can limit the number of phrases that may not respect the speech patterns or colloquialisms of the target culture, retaining content validity after translation. A common issue we see is that many languages are comprised of multiple dialects, indicating that the PRO should be translated into all dialects to be inclusive of all cultures. In our review, we see that the language of Portuguese has two dialects, and therefore the SPADI would have to be translated and adapted into the different dialects used in Brazil and Portugal. 28, 29, 39 Therefore, it is recommended to follow the cultural adaptation guidelines precisely, in order to maintain the intended meaning of the construct.
Reproducibility concerns the degree to which repeated measurements in stable persons (test-retest) provide similar answers and can be further divided into reliability and agreement. 15 In this study, reliability was evaluated correctly by 14 studies according to the quality criteria. These studies reported an Intraclass Correlation Coefficient (ICC) value of over 0.70, which is rated as excellent according to the quality criteria. 13 Guidelines recommend that reporting the type of ICCs allows to distinguish if results are under-or overestimated. Furthermore, the quality criteria advocate the use of reliability established by McGraw and Wong, as they report the systematic differences to be considered as a part of the measurement error. 13, 39 Additionally, reliability is also defined by having an adequate measurement interval. 13 Quality criteria recommend a time period that is long enough to prevent recall, but short 17 ? 19 ? 24 0 þ þ 0 ? þ Italy (Italian) 25 0 0 þ 0 ? 0 Norway (Norwegian) 26 ? 33 0 0 þ 0 ? 0 Turkey (Turkish) 34 0 0 þ 0 0 0 Turkey (Turkish) 35 0 ? þ 0 ? 0 N/A: not applicable -The cross-cultural adaptations was only preformed, not the clinometric tests. Questionnaires used in these studies have been previously translated. þ: positive rating; À: negative rating; 0: no information available; ?: unclear.
enough to ensure that clinical change has not occurred. While there are multiple ways to determine an appropriate timeframe, one to two weeks is recommended. 13 Additionally, we see researchers needing to either extend or shorten the time intervals to maintain stability, as participants may start rehabilitation immediately after their initial evaluation. Regardless, researchers should always describe and justify their timeframe to ensure that patients have not changed on the construct being measured. 13 Furthermore, in this study agreement evaluated the degree to which repeated measures applied to patients can provide similar answers, and the absolute error of measurement. 13 Findings demonstrate that no study in this review was able to fully evaluate agreement according to the quality criteria.
According to the quality criteria, studies should determine the minimum important change value because distribution-based methods do not provide a good indication of the importance of the observed change. This demonstrates that a stronger study should evaluate reproducibility by assessing both reliability (relative error of measure) and agreement (absolute error of measure). 8 The property of responsiveness measures longitudinal validity and has the ability to distinguish clinically important change from measurement error. In this review, only the Portuguese-Brazilian study 28 reported responsiveness at 50% according to the quality criteria, as the other studies failed to report responsiveness. This hinders the clinical use of the SPADI, as without properly evaluating responsiveness we cannot verify if the translated measure is able to detect clinically important change. As the SPADI is an evaluative PRO, it is critical that researchers are able to measure the responsiveness and retain the intended construct.
According to the quality criteria, 15 validity was evaluated through both construct and internal validity. When assessing construct validity, it is important to formulate hypotheses a priori, and to specify the direction and magnitude of the expected correlation. In this review, while studies did report construct validity, no one was able to perform it according to the quality criteria. Findings show that these studies had doubtful designs to test hypotheses concerning the concepts measured. Not stating specific hypotheses about the expected correlation is problematic, as the risk of bias is introduced and it contravenes the intention of testing a constructed hypothesis to assess the construct validity of the PRO. 8, 13 Lastly, internal validity is another facet of validity and can be reported through evaluating the ceiling and floor effects. 11 According to the quality criteria, ceiling or floor effects are present if more than 15% of patients achieve the lowest or highest possible score, respectively. In this review, nine studies reported testing for ceiling and floor effects, while the German study reported relatively high ceiling effects. High ceiling or floor effects negatively impact the content validity, reliability and responsiveness of the measure. 12, 13 Therefore, the measure cannot distinguish the highest and lowest scores from each other, and changes in patients will be difficult to evaluate. Thus, the floor or ceiling effects are required to verify if the translated measure fails to detect patient improvement or deterioration. 8 This review demonstrates that there were many inconsistencies with some of the reported measurement properties in the various translations and cross-cultural adaptations of the SPADI. Previous systematic reviews of the cross-cultural adaptation and measurement properties of the Western Ontario Rotator Cuff Index and McGill Pain Questionnaire 10 observed inappropriate evaluations of measurement properties. This poses challenges for researchers and clinicians, as the goal for adapting PROs is to achieve equivalence. Researchers are recommended to develop culturally equivalent PROs, so that we can promote the exchange of information from studies across different cultures, without constantly having to create new PROs. [8] [9] [10] Therefore, we aim to maximize both the linguistic, cultural and structural system of health-related measurements, which can be achieved by following proper guidelines for cross-cultural adaptations.
Furthermore, these recommended quality guidelines 15 use a scoring system that does not produce a total overall score for the study. Therefore, receiving the highest number of positive ratings with this system does not necessarily mean that the evaluated outcome measure is the best. Newer PROs may have many indeterminate ratings of measurement properties, as they are yet to be assessed. While other guidelines for evaluating an initial PRO assume that all measurement properties are equally important, this is not the case when assessing an adapted validated PRO. Certain measurement properties may have been already previously established in the original PRO and do not need to be re-evaluated. Therefore, these guidelines value only the measurement properties that are critical for a successfully adapted PRO. Specifically, evaluative PROs such as the SPADI require a high level of agreement to be able to measure important changes. This review demonstrated that this property was lacking in the present studies and should be reevaluated in future studies. 13 Limitations of this review lie within the inclusion criteria, as it was limited to the use of peer-reviewed journal articles only. This excluded original versions of dissertations and theses with unpublished data regarding measurement properties. Additionally, while all articles were included regardless of language, translations of these articles were done on software to translate to English; therefore, minor discrepancies could have occurred from inaccurate translations.
Conclusion
It is recommended that researchers follow all guidelines when trying to translate and cross-culturally adapt questionnaires for different cultures to achieve the intended construct. By continuing to translate and cross-culturally adapt questionnaires, we can continue to facilitate research between different countries. Furthermore, validation of the translations and crossculturally adapted versions of the SPADI is required before routine use in clinical practice and users should be cautious when interpreting the scores.
